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PREFACE 

T h i s  Quarterly Progress Report covers project act ivi ty  from 1May 
1964 through 31 July 1964. 
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SUMMARY 

Dissemination of technicalinformtion by m a i l  continues t o  be an 
important par t  of the over-all program. Responses have been very good t o  ASTRA 
Innovation Announcements and an announcement of the availabil i ty of NASA SP-38, 
'!Advanced Bearing Technology. " 

The ASTRA staff completed the writing and editing of a Technology 
Survey on the subject, ?Advanced Valve Technology. " This work has been deliv- 
ered t o  NASA Headquarters for publication. 

A detailed study was conducted t o  evaluate (1) what has been learned 
about the transfer process and i ts  impact as a result  of ASTRA efforts,  (2) 
ASTRA. resources and caFabilities, and (3) recommended modifications and exten- 
sions of the ASTM program. 
NASA Headquarters personnel, and provided the foundation for  an MRI proposal 
for future work which has been submitted t o  NASA Headquarters. 

This study was  the basis for discussions held with 



I. IXTRODUCTION 

This i s  the tenth progress report on 'u t i l izat ion of NASA-Generated 
Space Technology by Midwestern Industry." The period covered i s  1Ma.y 1964 - 
31 July 1964. 

Since November 1961, Midwest Research Ins t i tu te  has been conducting 
a p i l o t  program for the NASA Office of Technology Utilization t o  develop effec- 
t ive ways of providing information about industrially useful space developments 
t o  manufacturers i n  seven Midwestern states. The assignment involves identify- 
ing useful space concepts, evaluating them for  commercial u t i l i t y ,  obtdning 
suitable documentation, and putting the ideas in to  forms useful t o  industrial  
management. 

The task of dissemination of this information t o  industries began i n  
March 1962, with a series of regional meetings t o  explain the program t o  in- 
dustr ia l  firms and t o  stimulate interest  i n  the use of NASA technology. 
lowing these meetings, MRI technical staff have vis i ted several hundred differ- 
ent conpanies. We have also distributed much technical information by m a i l  and 
have answered inquiries for  specific information about the industrial  potential  
of the space program. 

Fol- 

Many of the major project ac t iv i t ies  during this quarter axe continu- 
ing effor ts  as described i n  previous reports. T h i s  report w i l l  concentrate 
primarily upon those ac t iv i t ies  which are e i ther  new t o  the program or have 
received major emphasis during this quarter. 

11. PROJECT STATUS 

Project effor ts  during the report period have been directed t o  three 
objectives : 

1. Preparation and dissemination of general and selective mailings 
t o  the approximately 900 f i r m s  on the ASTRA roster; 

2. Production of book-length technology survey of developments i n  
valve technology and other publications; 

3. Continuing assessment of the effectiveness of various dissemina- 
t ion  act ivi t ies ,  as a basis for  planning f i t w e  work. 
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The review of ASTRA ac t iv i t ies  being carried on throughout the cur- 
rent year received special emphasis during the report period as a basis for 
discussions with a number of vis i tors  from NASA Headquarters and for planning 
of future work. A s  a resul t  of these discussions, a plan for future work has 
been submitted proposing a variety of new ac t iv i t ies  and several changes i n  
emphasis i n  the program. 
of the program for  the current yeas. 

Some of the proposed ac t iv i t ies  can be begun as par t  

111. PROJECT ACTIVITIES 

A. General and Selective Mailings 

A greatly increased flow of published information on new technical 
developments t o  companies i n  the ASTTiA roster was achieved during the report 
period. These mailings include several different kinds of materials: 

1. Tech Briefs and SP's from NASA; and 

2. Innovation Announcements prepared by the project staff for selec- 
t ive mailing ( i .e . ,  t o  organizations identified through interest  profiles as 
having a special in te res t  i n  the type of technical information involved). 

Most mailings consisted of several items. (See Appendix A for information. ) 

Type of I t e m  

NASA Tech Briefs 
NASA SP'S 
ASTRA Innovation 

Announcements 
Announcement of Tech. 

Survey on Bearings 
SEA Article on NASA 

R & D i n  Relation 
t o  Small Business 

T o t a l  

ASTRA MAILINGS 
July 1964 

Responses 
(Requests for  

No. of Total No. of Additional 
Items General Selective Mailings Information ) 

66 22 - 22 24 
3 - 3 3 4 
9 - 3 3 200 

1 1 " 1 166 

1 - 1 - 1 - I 

ao 23 7 30 394 

- 3 -  



I n  addition t o  these mailings, sizeable quantities of several NASA documents 
were forwarded t o  Northern Natural Gas Conipany, Omaha, for dissemination i n  
the i r  own extensive industrial  development program. 

MORTHEDN NATURAL GAS DISTRIBUTION 

NASA SP 5001 $1 Improved Precision 
Height Gage. " 

Tech B r i e f  63-10004 '%Reference Black Body is 
Conpact, Convenient t o  Use . "  

Tech Brief 63-10529 "Connector for Thermocouple 
Lead Saves Costly Wire, Makes 
Reliable Connectors. " 

2,200 Copies 

175 Copies 

175 Copies 

The Rorthern Natural Gas Company request for 2,100 copies of Tech 
Brief No. 63-10006, ' se t t ing of Angles on Machine Tools Speeded by Magnetic 
Protractor, " was referred t o  NASA Headquarters. 

The avai labi l i ty  of NASA SP 38, "Advanced Bearing Technology," was  
announced t o  our industrial  audience approximately two months a f t e r  the book 
was published. This announcement, shown i n  Appendix C, brought an unprece- 
dented 166 requests for copies of the book. These requests were mainly from 
the larger, more sophisticated companies i n  our region who were unaware that  
the book was avadlable t o  them. 

The brief Innovation Announcements, which include a form which can 
be returned i f  more information is desired, produced an encouraging response. 
We believe this response tends t o  confirm the experience gained i n  previous 
direct  mail efforts,  reemphasizing the importance of precision i n  selecting 
addresseea,taking in to  account where possible not only the type of firm but 
specific persons within the f i r m  who are responsible for various areas of 
technical interest .  The selective mailing of brief announcements of technical 
developments, providing a convenient way for  the addressee t o  request more 
information i f  wanted, is a desirable procedure from several points of view: 

1. It provides a means for frequent contact with the widest possi- 
ble industr ia l  audience at  mininnun cost. 

2. The pattern of requests for additional information can be studied 
t o  provide more precise knowledge of types of technical interests  existing i n  
individual firms and i n  various types of firms. 
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5. The expression of interest  by the individual firm or organization 
menber offers an additional entree for closer contact with the progect, which 
can be followed up i n  a variety of ways: personal correspondence to  identify 
related weas of technical interest ,  special searches of avallable data t o  
meet particular needs expressed by several respondents, etc.  

Thus, mailings are now being used by the project as a device for 
collecting i n f o m t i o n  about the industrial  audience, as w e l l  as disseminating 
information t o  it. As with other types of dissemination activity,  this ap- 
proach follows the '"principle of successive approximation" discussed i n  the 
previous quarterly report. 

The long-range objective i s  t o  establish a channel for continuing 
contact i n  which informtion can flow i n  both directions: 

1. 
needs and interests ,  providing a basis for more sophisticated user-oriented 
service; and 

From the f i r m  t o  the project staff, more detailed informtion on 

2. 
technical information, hopefully leading i n  some cases t o  a close enough con- 
t ac t  between the project and the firm so tha t  problems i n  the actual applica- 
t ion of new technical knowledge within the organization can be identified and 
solved. 

From the project t o  the f i r m ,  increasingly salient and timely 

Project experience indicates that person-to-person contact within the individ- 
ual  f i r m  i s  necessary i n  most instances for  effective transfer and application 
of new technical knowledge. 

B. Publications 

1. Survey of Valve Technology 

A book-length review of recent advances i n  valve technology, one of 
the Technology Survey series, was prepared during this report period. Work 
accomplished included site visits t o  seven NASA centers and one WSA contrac- 
tor ;  review of relevant l i terature;  writing, editing and revision of the rough 
draft t o  incorporate changes and corrections suggested by NASA scient is ts  and 
engineers who had been interviewed ear l ie r  i n  assembling the data for  the 
survey. 
approval. 

The revised d r a f t  has been submitted t o  NASA Headquarters for f i n a l  
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The information gathering phase of this ac t iv i ty  was accomplished i n  

To meet the July 31 completion date, it was 
a five-week period i n  May and June. 
six-week period i n  June and July. 
necessary t o  ask the NASA centers t o  review and correct the i r  portions of the 
work i n  an extremely short t i m e  period of a f e w  days. 
cooperation f r o m  the personnel at  the NASA centers i n  carrying out this d i f f i -  
cu l t  assignment. 

The writing and editing was done i n  a 

We received excellent 

Highly favorable comments on the survey have been received from NASA 

A senior staff member at one of the NASA centers visited i n  pre- 
center personnel, industr ia l  people and project consultants who reviewed the 
first draft. 
paring the book said he was"astounded" that  such a worthwhile resu l t  had been 
produced i n  so short a time, adding that  he wanted t o  assure us of f u l l  co- 
operation on whatever additional surveys w e  might be preparing i n  the future. 
The president of a large, technically oriented company who saw an advance copy 
told the project staff tha t  the survey w a s  "an important study, and one tha t  
I think w i l l  be of real value t o  our technical people. '' 

The work of preparing the survey was facilitated by existing experi- 
ence i n  NASA centers and familiarity with industr ia l  interests  i n  this techni- 
ca l  area gained as a resu l t  of earlier project act ivi t ies .  Despite limited ad- 
vance notice and without detailed briefing on the purpose of our v i s i t s ,  people 
i n  the NASA centers were uniformly helpf'ul, both i n  providing the o r ig ina l in -  
formation and reviewing our ed i tor ia l  treatment of it i n  the first draft of the  
book. 

A number of people i n  the centers told us that participating i n  prep- 
aration of the book had stimulated them t o  be more aware of u t i l i za t ion  possi- 
b i l i t ies  i n  the technical developments they were carrying out, and that the 
flow of information t o  the technology ut i l izat ion office at  the center had in- 
creased as a result .  

We would l i ke  t o  offer the following suggestions for  Future act ivi ty  
of this kind: 

a. Sufficient time and Funds should be budgeted t o  permit careful 
planning and preparation for  visits t o  centers and t o  contractors by those 
producing the book. 
opment and people with an awareness of needs and application possibi l i t ies  i n  
industry greatly increases the likelihood of uncovering information interest-  
ing and useful to industry. 

Direct contact between those carrying out technicaldevel- 
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We recognize two kinds of problems involved i n  such visits, but our 

One i s  the danger of unduly interrupting the regular work of MASA center 
However, we believe tha t  adequate advance notice, plus the fac t  

experience indicates that both can be minimized by adequate advance prepara- 
tion. 
personnel. 
that  only a few people at  selected centers need be visited for a survey of any 
particular technical area, w i l l  minimize this potential difficulty.  

A second possible problem pertains more directly to NASA contractors. 
Technical people i n  these organizations might be understandably reluctant t o  
reveal potentially proprietary information which might represent a competitive 
advantage. 
first-hand contact can make such visits productive. 
mation available from contractors jus t i f ies  the e f for t  t o  obtain it, including 
taking t i m e  t o  assure those vis i ted tha t  the infomation they are supplying 
w i l l  be handled i n  a way which w i l l  not adversely affect  the interests  of the 
f i r m  involved. 

Here, too,we have found tha t  adequate advance preparation plus 
The value of the infor- 

b. 
outline for Technology Surveys: 
formation most needed, specification of w h a t  audiences or audience a given sur- 
vey i s  intended t o  reach, etc. 
scheme would make more eff ic ient  both the collection of information and i t s  
processing in to  publishable form. 

It m y  be desirable t o  develop a somewhat standardized format or 
the general sequence of topics, kinds of in- 

Existence of such a general organizational 

c. Some polling of the potential audience for each Technology Survey 
Members should be one of the preliminary steps taken on each of these reports. 

of this audience might include scient is ts  and engineers w i t h  experience both 
with industry and with the technical f i e ld  t o  be surveyed,representatives of 
companies manufacturing components which involve the specified technical area, 
and manufacturers of end-products which are affected by technical developments 
i n  the field concerned. 
topics i n  this technical area would be of greatest interest  to you? What kinds 
of information would you hope a survey on t h i s  topic would include? and 
similar questions. Advance questioning of the potential readers i n  this way 
would improve the ab i l i ty  of the editors t o  prepare material suited t o  the 
industr ia l  audience, and would also serve t o  stimulate wider interest  i n  the 
completed survey. 

Each group can be asked: What areas, problems or 

2. Other Publications 

Innovation Announcements on 19 different subJects were prepared by 
the project staff during the report period. Nine of these were mailed t o  
selected firms; the r e s t  are now being printed and distributed. 
B for  copies of the Innovation Announcements sent and the schedule of m a i l -  
ings. ) 

(See Appendix 
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An ASTRA monograph on 'hrsed Amorphous Sil ica,  " has been prepared t o  
It i s  now being printed and w i l l  be send t o  selected firms on t h e  ASm list.  

mailed during September. 

C. Other Project Activities 

1. Miscellaneous Information Services 

During the report period, the project processed 21 requests for in- 
formation on individual patents, five requests for  additional information on 
Tech Brief's previously mailed, and 57  requests f o r  various individual publi- 
cations. 

A potentially major transfer opportunity developed with a Kansas City 
electronics equipment manufacturer, where we were able t o  supply a number of 
specific items of information helpful i n  solving a specific problem i n  vacuum 
tubes for use i n  microwave relay stations. Excerpts from the report of work 
with this company follow: 

f I  A senior engineer at the company i n  Kansas City, visi ted 
Project ASTM on June 23 t o  obtain information relating t o  the fabri- 
cation of a vacuum tube product that  i s  of immediate interest  t o  him. 
The vacuum tube i n  question i s  used i n  the electronic equipment 
associated with the i r  microwave repeater stations a l l  over the coun- 
t ry .  The factor which limits 
the output of this tube is  the structural  integri ty  of the glass en- 
closure. Mr. conceived the concept of using a higher strength 
ceramic enclosure for this tube. He fabricated four sample tubes 
using alumina. T h i s  substitution of materials produced a 1-w. out- 
put, and the tube was successf'ully tested at  a 2-w. output level. 
If this change of materials can be successfilly achieved on a pro- 
duction basis, it w i l l  save the company $69,000 per year i n  tube 
material costs, and w i l l  double the capacity of the microwave system. 
In  the beginning of this development, he was told by his company's 
research department that they had tried this same modification i n  
1959, but that  the i r  work was unsuccessful, and it couldn't be done. 
When he successfully produced four tubes i n  four tries, he got an 
audience at  the research laboratory, and they are now pushing h i m  
t o  get this tube i n  production. 

The tube has a rated output of 1/2 w. 

". said he had a vague recollection that MRI had 
some sor t  of a project with NASA, and tha t  we had vis i ted his com- 
pany about two years ago ( th i s  company visit w a s  made by Eldon 
Sneegas and J i m  Houston on July 3, 1962). 
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". presented three problem areas: (1) the selec- 
t ion of the proper ceramic material, ( 2 )  the fabrication of a ceramic- 
to-metal seal, and (3) a technique for electron beam welding the base 
of the tube. He stated he was sure we could not help h i m  on the first 
two problems, but that he had heard we nray be able t o  provide some in- 
formation on electron beam welding. 

'%owever, we were able t o  supply h i m  with a massive f i l e  of 
information on a l l  three of his problem areas. 

"In the selection of the proper ceramic, the leading con- 
We agreed at the beginning that beryl l ia  would 

I supplied h i m  with coqplete 
tender was alumina. 
be a bet ter  material for  h i s  purpose. 
engineering de ta i l s  on the physical and e lec t r ica l  properties of 

redected beryllia because of the toxicity problems associated w i t h  
i t s  use. I provided h i m  with two detailed studies of beryllia tox- 
ic i ty ,  showing that  this problem has been magnified out of a l l p r o -  
portion, and that w i t h  the  simplest of housekeeping procedures, the 
material can be safely handled and used. 

said he had beryl l ia  and commercial sources of supply. M r .  - 

"On the subject of ceramic-to-metal seals, we found two 
papers dealing i n  de t a i l  with the exact problem he faces. In  addi- 
tion, I have requested on his behalf a computer-search i n  MASA's 
Office of Scientific and Technical Information f o r  a l l  NASA biblio- 
graphy material on the subject of ceramic or glass-to-metal seals. 

"On the subject of electron beam welding, we agreed tha t  
he has an ideal application for this remarkable fabrication tool. 
provided h i m  with several detailed technical a r t ic les  on the use of 
electron beam welding equipment, the name and adresses of the com- 
panies manufacturing this equipment, and a List of companies that 
own electron beam f a c i l i t i e s  and w i l l  do job-shop work. 'I 

I 

Mr. told us l a t e r  that the information we had provided on 
alloys had probably saved two t o  four months of R89 time i n  carrying the im-  
proved tube t o  the production stage. 

T h i s  account again underlines several principles of technology trans- 
fer already evident from ear l ie r  project experience: 

a. The f'requently extended time which elapses between first contact 
and an opportunity for application; 

- 9 -  



b. The need for  an R&D or production requirement t o  exis t  before 
active effor ts  are made by a firm t o  incorporate new information; 

c. The necessity of a user-oriented point of v i e w  i n  searching for  
relevant technological data and processing the information obtained. 

2. Group Presentations and Conferences 

Two presentations of ASTRA resources and services were made during 
the report period. On May 19, Eldon Sneegas, John Loser and Glenn Seay m e t  
with 75 members of the engineering staff at  Sunray-DX O i l  Company i n  Tulsa, 
Oklahoma. Eldon Sneegas addressed an audience of 250 at W a n t ,  Oklahoma, on 
May 21 as par t  of the industry meeting for the Technology U s e  Studies Center. 
He also attended the New Technology Conference at Lewis Research Center on 
June 4 and 5, where ASTRA exhibits were a feature of the program. 

3. Subscription t o  Computer-Tape Services from Marshall Space Flight 
Center 

During th i s  report period, we requested two cowter - tape  l i terature  
searches by NASA's Analysis and Research Uni t ,  Scientific and Technical Infor- 
mation Division. These bibliographic searches were performed promptly, and 
the information was relayed t o  the companies requesting the search. 

For a Kansas City agricultural equipment manufacturing company, a 

Th i s  search yielded over 100 references. 
bibliographic search was run on the subject, "Buckling of Thin Cylindrical 
Shells. 
evaluated by the company engineers. 
formation i s  "quite conprehensive " and looks promising. 

T h i s  information i s  being 
Their immediate comment was that the in- 

For a Kansas City electronics manufacturing corqpaay, a bibliographic 
search was run on the subject, "Ceramic t o  Metal Seals." This  search yielded 
66 references. A f t e r  receiving this bibliography, the company reported: 'we 
found two of the references i n  our own library. 
w i l l  save two t o  four months time i n  getting the r ight  alloy. 
nine of the remaining citations.  

The data i n  these two a r t i c l e s  
We are ordering 

11 

On July 15, 1964, we formally requested that Project ASTRA be given 
access t o  the computer-tape f ac i l i t y  located at  the Marshall Space Flight 
Center, Huntsville, Alabama. 
input t o  Project ASTRA t o  include machine-tage searches of t i t l e  l is t ings,  both 
from NASA and the unclassified documents from the Army Redstone faci l i ty .  
anticipate we w i l l  be requesting narrowly defined subject searches at  a ra te  
that  w i l l  not overload this fac i l i ty .  

The purpose of this request is t o  broaden the 

We 
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4. Visitors 

Four visi tors  from NASA Headquarters during the report period were 
briefed i n  de t a i l  on current project ac t iv i t ies  and future plans. 
newly appointed Deputy Assistant Administrator for  Technology Utilization, 
visited the project on July 1. 
lo), Noel Sargent (Jime 3) and Jerome Teplitz (July 1). 

Breene Kerr, 

O t h e r  v is i tors  were James Dennison (July 9 and 

Robert Dillon, of the Technology U s e  Studies Center, Durant, 
Oklahoma, vis i ted the project on July 14. 
project files for use i n  presentations to  southeast Oklahoma industrial  audi- 
ences. 

\le provided him w i t h  42 slides from 

IV. PLANS FOR IiVEU€E WORK 

During the current quarter, we expect t o  maintain the augmented 
schedule of general and selective mailing t o  f i r m s  on the project roster. 
V i s i t s  t o  individual f i r m s  for intensive work within these organizations on 
problems of application w i l l  be resumed. 
of the ac t iv i t ies  proposed i n  the plans for Future project work now being re- 
viewed by NASA Headquarters. 

In  addition, we plan t o  begin some 

During the current quarter, we w i l l  also conduct a second m a i l  survey 
of participating firms t o  assist us i n  assessing the i w a c t  of project activi-  
t i e s  t o  date and gauging the mount and kind of Future participation t o  be 
expected by various sizes and types of participating firms. 
special e f for t  t o  identify those firms which have benefited from project par- 
t icipation sufficiently t o  consider subscribing t o  the project on a fee-for- 
service basis. 

We w i l l  make a 
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APPENDIX A 

ASTRA MAILINGS - MAY, JUNE, JULY 1964 
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APPENDIX B 

ASTFU!. INNOVATION ANNOUNCENElYTS - MAY, JUNE, JULY, 1964 
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ASTRA IEJESOVATION ~ ~ C ~ S  WFUTltEN DUFKLNG 
THE REPORT PERIOD 1 MAY - 31 JULY, 1964 

Tit le  - 
Inductive Displacement Sensor 
Ceramic Insulation 
Reflective Ceramic Insulation 
Refractory Thermal Insulation 
Electromagnetic Flowmeter for Low Conducting Fluids 
A Sensitive Method for "Ground Loop" Detection 
Vibrating lvlembrane Electrometer 
Frequency Stabilization of an Astable Multivibrator 
Tunnel Diode Monostable ml t iv ibra tor  
Brushless DC Motor and Starting and Driving Electronics 
A Simple, Fast Response Anemometer 
Distance Indicator and Transducer 
Vibrating Electric Arc for Metal Surface Roughening 
An Isothermal Calorimeter for Determining Vapor Quality 
Automatic Temperawe Regulator for  Circulating Fluid Systems 
Regulating Valve for  Flexible Tubing 
Thermocouple Continuity Monitor 
A Method for Producing Reflective Elements 
Resistance Heated Radiant Heat Source 
An Instrument for Accurate Determination of Squareness or 

Perpendicularity 



------- -1 
-._ 

M I DWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 87 

Title: Inductive Displacement Sensor. 

Abstract: The inductive pickup of this device responds to the time- 

varying distance between the end of a sinusoidally energized coi l  

and a conductive surface. The device i s  ideally suited for instru- 

mentation i n  vibration studies of panels or structural members. 

4-2 1-64 

No. 87 For further information about 
this innovation, mail coupon to: 

Mr. Clayton C. Craghead 
Project ASTRA Title 
Midwest Research lnsti tu te 

Name 

425 Volker Boulevard Company 
Kansas City, Missouri 641 10 

Address 

City State 



..I= ,__o.= -.. -".- 

MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 88 

Title: Ceramic lnsul at ion 

Abstract: This foamed ceramic composition, developed at NASA's Goddard 

Space Flight Center, i s  based on aluminum phosphate, i s  lightweight and has 

good insulating properties. The material i s  solidified more easily than other 

foamed ceramics at an unusually low curing temperature, as low as 15OoF. 

Density i s  controllable over a range from 140 Ib/cu f t  to 19 Ib/cu ft. The 

material can be made in  different colors and has excellent thermal shock 

resistance. 

5-8-64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

For further information about 
this innovation, mail coupon to: 

Mr. J. Glenn Seay 
Proi ec t AST RA 
Midwest Research Institute 
425 Vol ker Boulevard 
Kansas City, Missouri 641 10 

No. 88 

Name 

Title 

Company 

Add re ss 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 89 

Title: Reflective Ceramic Insulation 

Abstract: This new material , developed at NASA's Marshall Space Flight 

Center, i s  a composite, reflective insulation material prepared from fibrous 

potassium titanate, asbestos fibers, and colloidal silica. The insulation 

maintains its structural integrity up to 22OO0F, i s  nonflammable, easily 

applied and can be air cured. 

While presently used as an insulator for protecting airframes 

against radiant heat, the excel lent thermal shock resistance, relatively 

easy application on welded expanded metal grids, and good moisture re- 

sistance should suggest diversified uses in  thermal protection. 

5-8-64 

No. 89 For further information about 
this innovation, mail coupon to: 

Name 
Mr. J . Glenn Seay 
Project ASTRA Title 
Midwest Research lnsti tute 
425 Vol ker Boulevard 
Kansas Ci ty, Missouri 

Company 
641 10 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 90 

Tit le: - Refractory Thermal Insulation 

Abstract: This material i s  a trowelable refractory insulation with good metal 

adherent properties. Shear loads of 5 psi mortar to metal surface can be 

borne up to 7OO0F interface temperature. This insulation was designed to 

protect rocket aft end metal surfaces from engine exhaust heat. It has high 

optical reflectance and is air cured at room temperatures. 

5-8-64 , 

For further information about 
this innovation, mail coupon to: 

Mr. J. Glenn Seay 
Project ASTRA 
Midwest Research Institute 
425 Vol ker Boulevard 
Kansas City, Missouri 641 10 

No. 90 

Name 

Title 

Company 

Address 

City State 



I DV\ EST RESEARCH IIJSTITUTE 

ASTRA INNOVATION NO. 91 

- Title: Electromagnetic Flowmeter for Low Conductivity Fluids 

Abstract: Accurate average rate-of-flow measurements of low electrical con- 

ductivity fluids (such as water) can be obtained with this device. 

Althou_oh the principle employed (electromagnetic or Faraday effect) 

i s  not novel, the simplicity of the design and operation i s  noteworthy. 

The flow sensitivity (approximately 0.05 mv/cm/sec) is  virtually 

independent of the fluid conductivity over a range of 0.2 to 5 x lo-* mho/cm. 

Furthermore, since no physical contact i s  made with the fluid, the flow charac- 

teristics are not altered. 

5- 13-64 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
For further information about 
this innovation, mail coupon to: 

Mr. Clayton C. Craghead 
Pro i ec t AST RA 
Midwest Research Institute 
425 Vol ker Boulevard 
Kansas Ci ty, Missouri 641 10 

No. 91 

Name 

Title 

Company 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 92 

Title: A Sensitive Method for "Ground Loop" Detection 

Abstract: 

oftentimes imperative to detect and eliminate ''ground loops. I' 

In electronic circuits and/or systems, i t  i s  always desirable and 

A method for detecting potential differences due to current flowing 

in  "ground loops" i s  described in this recent NASA disclosure. The technique 

i s  simple, and easy to implement. The only equipment required of the poten- 

t ial  user i s  an oscilloscope having a high sensitivity differential amplifier and 

a specially altered two-conductor shielded cable. 

For further information about 
this innovation, mail coupon 

Mr. Clayton C. Craghead 
Pro i ec t AST RA 
Midwest Research Institute 
425 Vol ker Boulevard 
Kansas City, Missouri 641 10 

to: 
No. 92 

Name 

Title 

Company 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 93 

Title: Vi  brati ng Membrane E I ec trometer 

Abstract: This electrometer device, which employs a combination of mechanical 

and dynamic capacitance principles, i s  capable of conversion gains of 2 x 10 3 in  

voltage and 2 x 1OI2 in  current. The instrument also exhibits the following de- 

sirable features: 

1. Low internal power consumption 

2. Rugged 

3 .  Compact 

Its performance characteristics indicate considerable promise for instrumentation 

and laboratory applications which require high sensitivity. 

5- 13-64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

For further information about 
this innovation, mail coupon to: 

Mr. Clayton C. Craghead 
Pro i ec t AS T RA 
Midwest Research Institute 
425 Vol ker Boulevard 
Kansas City, Missouri 641 10 

No. 93 

Name 

Ti t le  

Company 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 94 

T i  t I e : Frequency Stabilization of an Astable Multivibrator 
for Temperature Variation 

Abstract: Temperature sensitive zener diodes and a resistor network provide 

a temperature sensitive voltage source. This, in  turn, provides frequency 

stabilization of a conventional two-transistor astable multivibrator. Ex- 

perimental results show that the frequency varied only 0.15% over the 

temperature range of O°C to +4OoC. 

Since frequency stability under varying temperature conditions i s  

often significant to the circuit design engineer, this technique appears to 

have considerable merit i n  timing circuits. 

For further information about No. 94 
this innovation, mail coupon to: 

Name - 
Mr. Clayton C. Craghead 
Project ASTRA Ti t le  
Midwest Research Institute 
425 Vol ker Boulevard Company 
Kansas City, Missouri 641 10 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 95 

T i  t I e : Tunnel Diode Monostable Multivibrator 

Abstract: The high and low voltage stable states of a tunnel diode are utilized 

to improve the circuit performance characteristics of a monostable multivibrator. 

A semi-detailed discussion of the circuit operation i s  given in the text of the 

related NASA disclosure. 

Three outstanding features are: 

1 .  Rise and fal l  times of less than 0.2 microsecond. 

2. A 95% duty cycle can be obtained with this circuit. 

3. The fal l  time i s  totally independent of the duration 
of the quasi-stable state. 

These combined features might be of particular interest to the design 

engineer who i s  concerned with pulse and timing circuits. 

For further information about 
this innovation, mail coupon to: 

No. 95 

Name 

Ti t le  
Mr. Clayton C. Craghead 
Pro i ec t AST RA 
Midwest Research Institute 
425 Vol ker Boulevard Company 
Kansas City, Missouri 641 10 

Address 

City State 



MIDWEST RESEARCH INSTITUTE 

ASTRA INNOVATION NO. 96 

T i  t I e : Brushless DC Motor and Starting and Driving Electronics 

Abstract: This brushless DC motor and i t s  associated semiconductor electronic 
circuitry was designed, developed and operated at NASA's Goddard Space 
Flight Center. The primary use by NASA was for spacecraft tape recorder 
drive systems. 

Perhaps the most salient feature of the design i s  the provision for self-starting 
and automatic restart from stall by use of a "tone" wheel and an inductive 
pickup. 

The running operation (shaft rotation) i s  achieved by an oscillator driving an 
SCR ring counter which sequentially switches through an even number of 
wound stator poles i n  conjunction with an odd number of permanent magnet 
rotor poles. 

The design appears to be very appropriate for applications where elimination 
of brush wear and minimization of mechanical and electrical noise are desir- 
able. 

June 2, 1964 

For further information about 
this innovation, mail coupon to: 

No. 96 

Name 
Mr. Clayton C. Craghead 
Project ASTRA Title 
Midwest Research Institute 
425 Vol ker Boulevard Company 
Kansas Ci ty, Missouri 641 10 

Address 

City State 



A P r n I X  c 

ADVANCED M I N G  TECHNOLOGY ANNOUNCEMENT 



MIDWEST RESEARCH INSTITUTE 

ADVANCED BEARING TECHNOLOGY 

NASA has just published the f i r s t  of a continuing series of state-of-the-art 
summaries on subjects of interest to industry. This 51 l-page book, "Advanced 
Bearing Technology, 'I was written by Edmond E. Bisson and William J. Anderson, 
both scientists at NASA's Lewis Research Center, Cleveland, Ohio. 

We believe this book represents a significant achievement and w i l l  be a 
valuable resource to those concerned with bearings and lubrication. For your 
information we have reproduced the t i t l e  page, preface and table of contents. 

For a complimentary* copy of the book, mail the coupon below to 

Mr. Eldon Sneegas 
Pro j ec t AST RA 
Midwest Research lnsti tute 
425 Vol ker Boulevard 
Kansas City, Missouri 641 10 

* Since the book represents a larger than average investment for Project ASTRA, 
we ask your cooperation i n  restricting your requests to those involving a bona- 
fide industry interest. 

Company 

Address 
Street City State 



A D VA N CE D 
B E A R I N G  
TECHNOLOGY 

BY 
EDMOND E. BISON 

AND 

WILLIAM J. ANDERSON 
Lewis Research Center, Ckveland, Ohio 

Ofice of Scienrrjic and Technical Information 1964 

N A T I O N A L  AERONAUTICS AND SPACE A D M I N I S T R A T I O N  

Washington, D.C. 

P R E F A C E  

HIS UOOK is an outgrowth of a set of lecture notes originally T published for an advanced course on bearing technology a t  
the University of California a t  Los Angeles. Its objectives are 
twofold: 

(1) To present an exposition of the fundamentals of (a) fric- 
tion and wear, (b) fluid film bearings, and (c) rolling-element 
bearings 

(2) To demonstrate, through discussion of selected research 
results, how fundamental principles can be applied to the solu- 
tion of unique and advanced bearing problems involving environ- 
mental factors such as extreme temperature, radiation, high 
vacuum, and corrosive fluids 

The book is devoted primarily, in the examples and the 
discussion of research results, to advanced bearing problems; 
for example, the current and anticipated bearing problems in 
aircraft, in missiles, and in spacecraft are covered in some detail. 
The principles established and enunciated herein are, however, 
not limited in their application to advanced bearing problems. 
On the contrary, these principles apply equally well to mundane 
and ordinary bearing problems. 

Many of the research investigations described herein were 
a part of the exploratory research program being conducted 
a t  the laboratories of the NASA Lewis Research Center by the 
authors and their colleagues. This research program was 
designed to explore the fundamentals in advanced problem 
areas and to establish basic principles, where possible, in these 
advanced areas. Application of these basic principles is possible 
not only within the advanced areas but under ordinary condi- 
tions as well. 

The two chapters of this book that were written by guest 
authors are natural outgrowths of the lectures that they 
originally gave as part of the advanced course on bearing 
technology. 

The authors are indebted to the members of the Lubrication 
and Wear and Editorial Branches of the Lewis Research Center 
for their assistance in reviewing and editing the manuscript. 
In particular, the assistance of Robert L. Johnson in technical 
matters and Margaret C. Appleby in editorial matters is 
appreciated. 
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